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(54) Radiation image detector 

(57) A radiation Image detector wherein a photo- 
stjmulable piiosphor screen (23), a source of stiniulat- 
ing Rght (24) and an array of transducer elements (25) 
are enclosed within an enclosure that is hermetically 



closed against humidity. In one embodiment the enclo- 
sure is flushed with an inert gas such as gas. 
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FIELD OF THE INVENTION 
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SUMMARY OF THE INVENTION 



[0001] The present invention relates to digital radi- 
ography and relates more specif icaliy to a system 
wherein a radiation image is temporarily stored in a pho- 
tostimulable phosphor screen. 

BACKGROUND OF THE INVENTION 

[0002] Radiation Image recording systenns wherein 
a radiation image is recorded on a photostimulable 
phosphor screen by exposing said screen to image- 
wise modulated penetrating radiation are widely used 
nowadays. 

[0003] The recorded image is reproduced by stimu- 
lating the exposed photostimulable phosphor screen by 
means of stimulating radiation and by detecting the tight 
that is emitted by the phosphor screen upon stimulation 
and converting the detected light into an electrical sig- 
nal representation of the radiation image. 
[0004] Screens which are suitable for this applica- 
tion compTTse e,g. a BaFX: Eu^^ phosphor or a dWalent 
europium activated cesium halide phosphor wherein the 
halide Is at least one of chloride and bromide or the like. 
The phosphor Is deposited on top of a support layer 
such as a plastic film. 

[0005] Some phosphors among which the above 
mentioned cesium halide phosphor are stable at normal 
temperature and humidity conditions but tend to be 
hygroscopic at high temperature and high humidity. 
lOQOB] ff a hygroscopic phosphor is exposed to 
moisture at elevated temperatures, the phosphor 
degrades. As a consequence sensitivity decreases. 
Since It is desirable that a radiographic system remains 
stable and has a long lifetime In ai! environmental condi- 
tions thus also In a hot and humid environment the 
above effects are unacceptable. 
[0007] The most obvious way to avoid problems 
resulting from humidity Is to coat the phosphor layer with 
a protecth/e layer. However, it Is common knowledge 
that such a protective layer leads to light piping. As a 
consequence of this effect the resolution of the screen 
degrades. This negative effect occurs even in case the 
protective layer is as thin as 10 micrometer. 



[0010] The above mentioned objects are realised 
by a radiation detector having the specific features 

5 defined in claim 1. 

[0011] The inventors have found that high tempera- 
ture on Its own does not damage the system nor 
shorten Its life cyde. Only the combination of high tem- 
perature together with high humidity degrades the 

10 screen. 

[0012] The degradation is eliminated according to 
the present Invention lay providing a radiation detector 
comprising In addition to a phosphor screen the means 
for reading the radiation image from the screen and for 
15 occasionally erasing the screen. This detector is addi- 
tionally provided with means for preventing humidity to 
enter the detector. 

[0013] The phosphor screen Is not talcen out of the 
detector. It remains Inside the enclosure of the detector 

20 during the exposure of the system to image-wise modu- 
lated radiation originating from Irradiation of an object or 
a patient as well as during read out of the radiation 
image from an exposed screen and during occasional 
erasure of the screen between successive exposures. 

25 [0014] According to one embodiment of the inven- 
tion the detector Is flushed by means of an an inert gas 
such as N2 gas. Ar gas, dried air or the like. 
[001 5] The gas may be circulated inside the system 
so that only a small quantity of the gas is needed. 

30 [0016] Alternatively it can be pumped into the 
detector at one location and released at another loca- 
tion. 

[0017] Specific features for preferred embodiments 
of the Invention are set out in the dependent claims. 
35 [001 8] Further advantages and embodiments of the 
present invention will become apparent from the follow- 
ing description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0019] 

Rg. 1 shows a radiation detector according to the 
present invention. 
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DETAILED DESCRIPTION OF THE INVEf^friON 



OBJECTS OF THE INVENTION 

[0008] It is an object of the present Invention to pro- 
vide a radiation detector wherein a radiation Image is 
temporarily stored in a photostimulable phosphor 
screen that is stable and has a long life time under 
severe conditions regarding humidity and temperature. 
[0009] Further objects of the present invention will 
become apparent from the description hereafter. 



[0020] An embodiment of a detector according to 
the present Invention is shown in figure 1. 
[0021 ] The detector comprises an enclosure (22). 
[0022] Within the enclosure a photostimulable 
phosphor screen (23) is positioned. This screen for 
example comprises a divalent cesium halide phoshor. 
wherein said halide Is at least one of chloride and bro- 
mide. 

[0023] The enclosure further comprises a source of 
stimulating light (24) anranged for stimulating said phos- 
phor screen and an array of transducer elements (25) 
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for capturing light emitted by the phoshor upon stimula- 
tion and for converting said light into an electrical signal 
representation. 

[0024] In the Itluetrated embodiment the source of 
stimulating light is implemented as a linear light source 
(more specif Icaliy an amay of laser diodes) and the array 
of transducer elements is also a linear array (more spe- 
cifically an array of charge coupled device elenrients). 
This embodiment can be made very compact and pro- 
vides fast read out 

[0025] The enclosure further comprises a linear 
erasing light source (26) arranged substantial^ parallel 
to the stimulating light source. 
[002S] The enclosure still further comprises means 
(not shown) for transporting the assembly (27) of stimu- 
lating light source^ erasing light source and array of 
transducer elements relative to the phosphor screen In 
a so-called 8ut>-8can direction. Indicated by arrow (28). 
[0027] Means (29) are further provided for connmu- 
nicating the electrical signal representation output by 
the array of transducer elements to an axtemal signal 
processing device. 

[0028] In this re-usable radiation detector the phos- 
phor screen remains inside the enclosure during irradi- 
ation, read out and erasure. 

[0029] To garantee a low humidity the detector is 
flushed with N2. The gas Is pumped out of a common 
recipient such as a gas cylinder into a first opening (30) 
in the enclosure (22). The gas >s released into the air 
through a second opening (not shown) in enclosure 
(22). 

[0030] In this embodiment the stimulating light 
source and the array of transducer elements are 
arranged on opposite sides of the phosphor screen. In 
attemative embodiment these items may be arranged 
on the same side of the phosphor screen. 
[0031] The stimulable phosphor screen In the sev^ 
eral embodiments of the present Invention comprises a 
dhmlent europium activated cesium haltde phosphor. 
Such a phosphor is known In the art and has for exam- 
pie been disclosed in EP-A-174 876 (and US 
5,028,509). The phosphor Is especially well suited for 
manufacturing 'blnderless' phosphor screens. Binder- 
less phosphor screens provide optimal sharpness. 
[0032] It Is advantageous however to use a CsX: Eu 
phosphor wherein X represents a halide selected from 
the group consisting of Br and Ci, whteh Is obtained by 
the following method: 

mixing CsX with between 1 0"^ and 5 mol % of a 
Europium compound selected from the group con- 
sisting of EuX 2. Eu)C3 and EuOX'. X' being a mem- 
ber selected from the group consisting of F, CI, Br 
and 1, 

firing the mixture at a temperature above 460 °C 
cooling said mixture and 
recovering the CsX:Eu phosphor. 



[0033] A phosphor that has been obtained as a 
result of the above method of preparation has an 
Increased conversion efficiency compared to the state 
of the art divalent europium activated cesium hallde 
5 phosphor. The phosphor can be stimulated by means of 
a tower amount of stimulation energy. 
[0034] A photostlmuiable phosphor screen using 
such a phosphor is preferably obtained by the method of 

10 - preparing said CsX:Eu phosphor by firing a mixture 
of said CsX with between 1 0-3 and 5 mot % of an 
Europium compound selected from the group con- 
sisting of EuX'2. EuX'3 and EuOX', X' being a halide 
selected from the group consisting of F, Ci, Br and I 

IS and 

applying said phosphor on a substrate by a method 
selected from the group consisting of physical 
vapor deposition, thermal vapor deposition,, chem- 
ical vapor deposition, radio frequency deposition 
20 and pulsed laser deposition. 

[0O35] This method of preparation Is advantageous 
because it allows to deposit the phosphor In the form of 
needle-shaped crystals. These needle-shaped phos- 

25 phor crystals act as light guides so that they reduce the 
lateral spreading of light In the phosphor layer. Reduced 
lateral light spread leads to images of higher resolution. 
[0036] Alternatively a phosphor screen containing a 
CsXiEu stimulable phosphor, wherein X represents a 

30 haltde selected from the group consisting of Br and CI 
can also be manufactured by performing the steps of : 

bringing multiple containers of said CsX end an 
Europium compound selected from the group con- 

35 sisting of EuX'2, EuX'3 and EuO)C, X* being a hafide 
selected from the group consisting of F, Ci, Br and I 
In condition for vapor deposition and 
• depositing, by a method selected from the group 
consisting of physical vapor deposition, thermal 

40 vapor deposition,, chemical vapor deposition, elec- 
tron beam deposition, radio frequency deposition 
and pulsed laser deposition, both said CsX and ' 
said Europium compound on a substrate In such a 
ratio that on said substrate a CsX phosphor, doped 

45 with between 10'^ and 5 mol % of an Europium 
compound, Is formed. 

10037] This method of preparation Is advantageous 
because rt llkewtse allows to deposit the phosphor in the 

so fom of needle-shaped crystals. These needle-shaped 
phosphor crystals act as light guides so that they 
reduce the lateral spreading of light in the phosphor 
layer Reduced lateral light spread leads to images of 
higher resolution. 

55 [0038] The above decribed phosphor and photo- 
stlmuiable phosphor screen have been described 
extensively In the following US provisional applications 
that are incorporated herein by reference: 60/159.004 



EP 1 065 526 A2 



6 



and 60/142^76. 



Claims 



1. A radiation image detector comprising 

a photosdmulable phosphor screen, 

at least one source of stimulating light arranged 

for stimulating said phosphor screen, 

an array of transducer elements arranged for 

capturing light emitted by the phoshor screen 

upon stimulation and for converting said tight 

into an electricai signal representation of said 

image, 

an enclosure enclosing said photostlmuteble 
phosphor screen, said assemt)ty of stimulating 
light source and said anay of transducer ele- 
ments, 

interfacing means for communicating said elec- 
trical signal representation to an external signal 
processing device, 

means for preventing humidity from entering 
said enclosure. 

2. A racHatlon image detector according to claim 1 
wherein said means for preventing humidity from 
entering said enclosure comprise means for flush- 
ing said enclosure with an inert gas. 

3. A radiation image detector according to claim 1 
wherein said inert gas Is N2. 
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4. A radiation image detector according to claim 2 
wherein said enclosure comprises a gas inlet 
arranged for coupling to a gas container and a gas 35 
outlet. 



5. A radiation image detector according to claim 2 
wherein said means for flushing said enclosure with 
Inert gas comprise means for circulating said gas 40 
inside said enclosure. 

6. A detector according to claim 1 wherein said linear 
stimulating light source is a linear an^y of laser 
diodes. 45 



- mixing CsX with between 1 0'^ and 5 mol % of a 
Europium compound selected from the group 
consisting of EuX'2, EuX'a and EuOX', X' being 
a member selected from the group consisting 
of R CI, Brand I. 

- firing the mixture at a temperature above 450 

- cooling said mixture and 
recovering the CsX:Eu phosphor. 

10. A detector according to claim 1 wherein said phos- 
phor screen Is obtained t>y the steps of 

preparing said CsX:Eu phosphor lay firing a 
mixture of said CsX with between 10-3 and 5 
mot % of an Europium compound selected 
from the group consisting of EuX'2, EuX'3 and 
EuOX*, X' being a halide selected from the 
group consisting of F, CI, Br and 1 and 

- applying said phosphor on a substrate by a 
mettiod selected from the group consisting of 
physical vapour deposition, thermal vapour 
deposition, chemical vapour deposition, radio 
frequency deposition and pulsed laser deposi- 
tion. 

11. A detector according to claim 1 wherein said phos- 
phor screen is oljtainable by the steps of 

bringing multiple containe rs of said CsX and an 
Europium compound selected from the group 
consisting of EuX'g, EuX'3 and EuOX*. X' being 
a halide selected from the group consisting of 
R CI, Br and I In condition for vapour deposition 
and 

depositing, by a method selected from the 
group consisting of physical vapour deposition, 
thermal vapour deposition,, chemicai vapour 
deposition, electron beam deposition, radio fre- 
quency deposition and pulsed laser deposition, 
both said CsX and said Europium compound 
on a substrate in such a ratio that on said sub- 
strate a CsX phosphor, doped with between 10" 
^ and 5 mol % of an Europium compound, Is 
formed. 



7. A detector according to claim 1 wherein said linear 
array of transducer elements is a linear array of 
charge coupled device elements. 

so 

8. A detector according to claim 1 wherein said 
phoshor screen comprises a divalent europium 
activated cesium halide phosphor wherein said hal- 
ide is at least one of chloride and bromide. 

55 

9. A detector according to claim 1 wherein said photo- 
stimulable phosphor screen is obtainable by the fol- 
lowing steps: 
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